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ABSTRACT 



Aims. In this work we investigate the nature of 50 overdensities from the catalogue of Froebrich, Scholz, and Raftery 
(FSR) projected towards the Galactic anticentre, in the sector 160° < £ < 200°. The sample contains candidates with 
|&| < 20° classified by FSR as probable open cluster (OC) and labelled with quality flags 2 and 3. Our main purpose 
is to determine the nature of these OC candidates and the fraction of these objects that are unknown OCs, as well as 
to derive astrophysical parameters (age, reddening, distance, core and cluster radii) for the clusters and to investigate 
the relationship among parameters. 

Methods. The analysis is based on 2MASS J, (J — H), and (J — K s ) colour-magnitude diagrams (CMDs), and stellar 
radial density profiles (RDPs) built with decontamination tools. The tools are a field star decontamination algorithm, 
used to uncover the cluster's intrinsic CMD morphology, and colour-magnitude filters to isolate stars with a high 
probability of being cluster members. 

Results. Out of the 50 objects, 16 (32%) are star clusters. We show that 9 (18%) overdensities are new OCs (FSR 
735, FSR 807, FSR 812, FSR 826, FSR 852, FSR 904, FSR 941, FSR 953, and FSR 955) and 7 (14%) are previously 
studied or catalogued OCs (KKC1, FSR 795, Cz 22, FSR 828, FSR 856, Cz 24, and NGC 2234). These are OCs with 
ages in the range 5 Myr to 1 Gyr, at distances from the Sun 1.28 < d^(kpc) < 5.78 and Galactocentric distances 
8.5 < R G c(kpc) < 12.9. We also derive parameters for the previously analysed OCs Cz 22 and NGC2234. Five (10%) 
candidates are classified as uncertain cases, and the remaining objects are probable field fluctuations. 

Key words. ( Galaxy:) open clusters and associations: general; Galaxy: open clusters and associations: individual; Galaxy: 
stellar content; Galaxy: structure 



1. Introduction 

It is currently accepted that star formation occurs mainly 
in clustered environments, such as clusters and associ- 
ations, rather than in isolation. However, only a very 
small fraction of old stars are found in b ound clusters 
(lLamers et all 120051 : lLamers fc Gielesl . l2006h . On the other 
hand. Ide Wit et aLT(|2005f ) estimate that nearly 95% of the 
Galactic O star population is located in clusters or OB as- 
sociations, or can be kinematically linked with them. In this 
sense, these structures can be thought of as the fundamen- 
tal units of star formation in the Galaxy ([Ladal . |2007( ). 

The spatial and age distribution of clusters has also 
played a vital role in our understanding of the Galactic 
structure. In this context, young open clusters (OCs) are 
important tracers of recent star forma tion in galaxies and o f 
the spiral structure in galactic disks (|Lada fc Ladal [20031) . 
On the other hand, old OCs are excellent probes of early 
disk evolution, and they provide tracers of t he structure , 
kinematics, and chemistry of the Galactic disk (|Friel [l995). 

Primordial conditions during cluster formation and the 
location of the parental molecular cloud in the Galaxy play 
an important role in the fate of a cluster (jSchilbach et all 
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2006). However, the stellar content of a cluster evolves with 
time, and internal and external interactions affect the prop- 
erties of individual cluster members (e.g. orbit and spa- 
tial location), as well as of the whole cluster as a system 
(e.g. mass and structure). A thorough review of young clus- 
ters, focussing particu larly on the evolution of the massive 
ones, can be found in lPortegies Zwart. M cMillan fc Gielesl 

The age distribution of star clusters in the Galactic disk 
can only be explai ned if they disrupt on a timescale of a 
few time s 10 8 vr (|Lamers fc Gielesl . 120061 and references 
therein). lLada fc Ladal (|2003tl estimate that, in the solar 
neighbourhood, less than ~ 4% of the clusters formed in 
giant molecular clouds (GMCs) are able to reach ages be- 
yond 100 Myr, and less than 10% su rvive longer than ~ 10 
Myr (infant mortality). lOortl (|l957f ) noticed that the dis- 
tribution of OCs in the solar neighbourhood, as a function 
of age, shows a lack of old OCs and derived statistically 
that Galactic clusters disrupt on a timescale of 5 x 10 s 
yr. This lack of old clusters can be partially explained by 
the rapid fading of clusters with age due to stellar evolu- 
tion, which makes it harder to observe them at older ages. 
However, fading cannot explain the difference between the 
observed and the expected number of old OCs, implying 
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Fig. 1. Left panel: 10' x 10' XDSS R image of FSR 735. Right panel: 10' x 10' XDSS R image of FSR 953. Images centred 
on the optimised coordinates. 
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Fig. 2. Left panel: 2MASS K image 5' x 5' of FSR 812. Right panel: 2MASS K image 5' x 5' of FSR 904. Images centred 
on the optimised coordinates. The small circle indicates the cluster central region. 



that a significant fraction must have been destroyed. I Wielerl 
(119711) derived a mean dissolution time of 200 Myr from the 
age distribution of clusters with m ass range 10 2 — 10 3 M ( 
about 1 kpc from the Sun (see also iLamers fe Gielesl . 1200 



iGieles. Athanassoula fc Porteeies Zwart . l2007l) 



Star clusters gradually lose mass and, because of the 
combined effect of several disruption mechanismtQ, they 
generally end compl etely destroyed or leave remnants 
(jPavani fc Bical . 120071 and references therein) . As a conse- 
quence, only the more massive OCs (which are essentially 
gravitationally bound) and those located at large Galactic 



1 e.g., mass loss by stellar evolution, mass segregation, and 
tidal interactions with the disk, bulge, spiral arms and GMCs. 
The latter events increase the mean internal energy that may 
lead to the gradual cluster expansion and disruption. 



radii (where the probabili ty of encounters with GMCs i s 
lower) can live a few Gyr (|Bereond. Leon fe GuibertLl200lh . 

Most of the young star clusters dissolve very early be- 
cause the primordial gas is removed on a timescale shorter 
than a crossing time, by winds of ma ssive OB stars and 
supernova explosions (jTutukovl . 119781 ). This mechanism 
strongly depends on the effective star formation efficiency, 
but appears t o be independent of the initial cluster mass 
(IGieles at al.l . [2005h . 

Open clusters are born within GMCs and remain em- 
bedded in the clouds for about 2 — 5 Myrs. During for- 
mation and the earliest stages of evolution, they are often 
completely invisible at optical wavelengths, since they are 
only detected in the infrared because of heavy obscuration 
by gas and dust (|Lada fc Ladal . [2003h . The recent develop- 
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merit of infrared array detectors has provided an important 
impulse to our knowledge of these objects. 

In the present work we investigate the nature 
of 50 stellar overdensiti e s fro m the catalogue of 
IFroebrich. Scholz fc Raftervl ((2007) towards the Galactic 
anticentre, in the sector (160° < I < 200°), classified by 
them as probable OC and labelled with quality flags 2 and 
3 (Tabled]). 

This paper is organised as follows. In Sect.[3]we present 
the OC candidates. In Sect. [3] we present the 2MASS pho- 
tometry and discuss the methods and tools employed in 
the CMD analyses, especially the field star decontamina- 
tion algorithm. Section H] is dedicated to the discussion of 
the methods and tools used for the analysis of cluster struc- 
ture. In Sect.[5]we present the results of our analyses of the 
OC candidates, and derive astrophysical parameters (age, 
reddening, distance, core and cluster radii) of the confirmed 
OCs and two previously studied objects. In Sect. H]we esti- 
mate the cluster mass stored in stars. In Sect. [7] we discuss 
the results and investigate the relationship between derived 
parameters. Finally, in Sect. [5] we present concluding re- 
marks. 

2. The OC candidates 

iFroebrich. Scholz fc Raftervl (]2007l) have published 
logue of 1021 star cluster candidates with \b\ < 20° and 
all Galactic longitudes. They identify overdensities in the 
2MASS database that are classified according to a quality 
flag, with and 1 for the most probable star clusters and 
2 - 5 for possible star clusters. iBica. Bonatto fc Camargol 
(2008) explored FSR overdensities, with quality flags and 
1, in bulge/disk directions at \£\ < 60°. The sample con- 
sisted of 20 star cluster candidates and resulted in 4 new, 
2 previously kno wn OCs, 5 uncertain case s, and 9 probable 
field fluctuations. iBonatto fc Bical (|2008bl ) analysed 28 FSR 
cluster candidates projected nearly towards the anti-centre 
(160° < I < 200°) and confirm 6 new and 9 previously 
known OCs, 6 uncertain cases, and 7 probable fluctuations 
of the stellar field. 

The present FSR overdensity sample is listed in Tabled] 
Some o f these objects have p revious identifications (Table 
[2]). The lKoposov et all (120081 ) analysis of CMDs for 5 clus- 
ters is showed in Table [2] They concluded that FSR 795 
(Koposov 10), Cz 22, FSR 828 (Koposov 43), FSR 856 
(Koposov 53) and Cz 24 are clusters. The derived parame- 
ters for them and the present ones ( Tables [3] and 0] ) agree 
well. iKumar. Keto fc Clerkinl (|200fih studied KKC1 (FSR 
788) and found that it is a cluster (Sect. [5]). We derive 
parameter s for the previously ca talogued OCs Cz 22 and 
NGC2234. lYadav fc Sagan (12004ft derived for Cz 22 a ra- 
dius of 1.8', metallicity of 0.08, E(B - V) = 0.45 ± 0.05, 
age of the 200 ± 50 Myr and d Q = 3.0 ± 0.2 kpc. NGC2234 
does not have parameters derived so far. 

Some clusters are seen in visible bands (Fig. [TJ, while 
others are essentially infrared objects (Fig. [2]). 

3. 2MASS photometry 

2MASS3 photometry (|Skrutskie et all . 120061) in the J, H, 
and K s bands was extracted in circular regions centred on 

2 The Two Micron All Sky Survey, available at 
www.. ipac.caltech.edu/2mass/releases/allsky/ 



Table 1. General data on the FSR star cluster candidates. 



Target 


a(2000) 5(2000) 


£ 


b 


Rc 


Rt Q 




(hms) (<"") 


n 


n 


(') 


(') 


(1) 


(2) (3) 


(4) 


(5) 


(6) 


(7) (8) 



Table N otes. Cols. 2 — 3: Centr al coor dinates provided 
by IFroebrich. Scholz fc Raftervl (|2007l ). Cols. 4-5: 
Corresponding Galacti c coordinates. Cols. 6 — 7: Core and 
tidal radii derived by IFroebrich. Scholz fc Raftervl (120071 ) 
from King fits. Col. 8: FSR quality flag, f: has a previous 
designation (Table 0). 

the coordinates of the FSR objects using VizieR0. Wide 
3 http:/ /vizier. u-strasbg.fr/viz-bin/VizieR?-source=II/246. 



FSR714 04:42:46 41:55:19 

FSR 717 04:46:06 42:08:03 

FSR719 04:44:19 41:48:51 

FSR721 04:46:21 41:57:07 

FSR 723 04:44:57 41:30:45 

FSR 732 05:02:36 42:32:55 

FSR 733 04:45:08 39:46:32 

FSR 735 04:53:57 40:50:03 

FSR 753 05:02:14 36:47:24 

FSR 775 05:25:35 34:57:27 

FSR778 05:14:20 32:47:43 

FSR788 1 " 05:41:30 35:48:39 

FSR795 05:47:29 35:25:56 

FSR807 05:36:39 31:49:20 

FSR812 05:38:11 31:44:03 

FSR815 05:37:42 31:19:27 

FSR821 05:41:53 29:54:17 

FSR825 1 " 05:48:57 30:10:24 

FSR826 05:42:52 28:56:29 

FSR828 05:52:18 29:54:16 

FSR852 05:53:35 25:10:52 

FSR856 06:08:55 26:15:59 

FSR858 06:09:09 25:40:38 

FSR881 1 " 05:55:25 20:52:59 

FSR883 06:04:20 22:00:52 

FSR891 06:17:29 22:25:38 

FSR900 06:06:30 19:13:59 

FSR902 06:18:19 20:31:42 

FSR903 06:07:34 19:06:46 

FSR904 06:07:00 19:00:43 

FSR906 06:07:44 18:47:26 

FSR909 06:15:46 19:00:49 

FSR921 06:05:17 16:40:41 

FSR924 06:10:26 16:50:13 

FSR928 06:04:20 15:24:50 

FSR931 06:13:07 15:56:37 

FSR933 06:05:37 14:32:07 

FSR936 06:28:31 16:55:36 

FSR937 06:13:41 14:59:47 

FSR938 1 " 06:29:20 16:45:27 

FSR939 06:10:57 14:22:57 

FSR940 06:14:16 14:48:18 

FSR941 06:21:51 15:45:59 

FSR951 06:22:19 14:42:44 

FSR952 06:10:15 13:00:47 

FSR953 06:19:02 14:08:53 

FSR955 06:23:52 14:30:26 

FSR960 06:09:53 12:20:02 

FSR962 06:23:50 14:05:10 

FSR975 06:40:00 13:17:58 



162.024 


-2.745 


1.32 


6.66 


2 


162.267 


-2.138 


1.08 


53.7 


2 


162.295 


-2.597 


1.32 


18.12 


2 


162.436 


-2.221 


2.82 


5.64 


3 


162.602 


-2.703 


0.42 


4.56 


3 


163.867 


+0.49 


1.26 


4.98 


2 


163.945 


-3.808 


1.98 


5.88 


3 


164.208 


-1.84 


2.34 


7.02 


2 


168.385 


-3.084 


0.96 


10.38 


2 


172.641 


-0.32 


3.18 


6.42 


3 


173.079 


-3.474 


0.3 


1.56 


3 


173.688 


+2.865 


0.78 


37.5 


3 


174.647 


+3.707 


1.08 


54.6 


2 


176.529 


-0.111 


2.04 


16.56 


2 


176.777 


+0.115 


1.26 


3.84 


2 


177.069 


-0.19 


1.44 


4.38 


2 


178.749 


-0.184 


4.98 


9.96 


3 


179.317 


+1.261 


0.66 


33.36 


2 


179.681 


-0.509 


0.96 


3.90 


2 


179.919 


+1.746 


1.38 


43.56 


2 


184.133 


-0.408 


1.56 


6.30 


3 


184.899 


+3.13 


0.54 


11.04 


2 


185.441 


+2.891 


0.9 


41.28 


2 


188.056 


-2.216 


0.6 


31.02 


3 


188.106 


+0.147 


1.62 


81.42 


2 


189.209 


3.011 


0.72 


5.76 


2 


190.78 


-0.771 


0.3 


1.50 


3 


190.978 


+2.288 


0.6 


31.5 


3 


191.007 


-0.611 


0.66 


21.24 


2 


191.03 


-0.777 


1.38 


57.84 


2 


191.308 


-0.733 


2.16 


6.42 


3 


192.026 


+1.039 


0.24 


1.56 


3 


192.87 


-2.27 


1.14 


55.5 


2 


193.329 


-1.116 


1.38 


5.58 


3 


193.861 


-3.09 


0.84 


40.5 


3 


194.422 


-0.981 


0.3 


7.14 


3 


194.781 


-3.247 


4.32 


8.70 


3 


195.293 


+2.737 


0.66 


33.2 


3 


195.319 


-1.315 


0.48 


2.94 


2 


195.535 


+2.835 


1.26 


3.8 


2 


195.54 


-2.191 


0.9 


46.0 


3 


195.554 


-1.284 


0.7 


37.1 


2 


195.574 


+0.782 


3.0 


9.0 


2 


196.558 


+0.387 


0.4 


22.4 


2 


196.661 


-2.997 


0.8 


10.6 


3 


196.681 


-0.58 


0.4 


8.8 


2 


196.915 


+0.622 


0.2 


12.5 


3 


197.215 


-3.401 


2.3 


4.6 


3 


197.284 


+0.419 


0.8 


23.8 


3 


199.795 


+3.54 


2.3 


4.5 


2 
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Table 2. Cross-identification of the open clusters. Table 3. Field star decontamination statistics. 



Desig#l Desig#2 Desig#3 Desig#4 Ref. Par. 

(1) (2) (3) (4) (5) (6) 



KKC1 


FSR788 


Sh2-235 Eastl 




2,4 




FSR795 


Koposov 10 






2,3 


3 


Czernik 22 


Basel 4 


FSR825 OCI- 


455 1, 


2,3 




FSR828 


Koposov 43 






2,3 


3 


FSR856 


Koposov 53 






2,3 


3 


Czernik 24 


FSR881 


OCI-472 


- 1, 


2,3 


3 


NGC2234 


FSR938 






1,2 





Table Notes. Col. (5) show references for cross-identification 
and col. (6) referen ces for parameters determin a tion. The 
references are: 1 - lAlter. Ruprecht fc Vanysekl (11970); 2 
iFroebrich. Scholz fc Raftervl d2007f) ; 3 - IKoposov et afl 



( 2008 ) ; 4 - iKumar. Keto fc Clerkinl (|2006f) . 



extraction areas are essential for producing RDPs (Sect|U) 
with a high contrast against the background and for a con- 
sistent field-star decontamination (Sect l3.lj) . We started by 
assuming the FSR coordinates to centre the photometry 
extraction. Next, we computed the RDP (Sect. H]) to check 
cluster centring. In some cases the RDP built with the orig- 
inal FSR coordinates presented a dip at the centre. Then, 
new central coordinates are searched (after field-star decon- 
tamination - Sect. 13. ip t o maximise the star-cou nts in the 
innermost RDP bin (e.g. iBonatto fc Bicall2009cD . 

3.1. Field-star decontamination 

To uncover the intrinsic CMD morphology from the back- 
ground stars, we applied the field-star decontamination pro- 
cedure. This algorithm works on a statistical basis by mea- 
suring the relative number densities of probable cluster and 
field stars in cubic CMD cells that have axes along the J, 
(J — H) and (J — K s ) magnitude and colours. These are 
the colours that provide the maximum distinction among 
CMD sequences for star clus ters of different ages (e.g. 
IBonatto. Bica fc Girardil 120041) . 

The algorithm (i) divides the full range of magnitude 
and colours of a given CMD into a 3D grid, (ii) computes 
the expected number-density of field stars in each cell based 
on the number of comparison field stars (within la Poisson 
fluctuation) with magnitude and colours compatible with 
those of the cell, and (iii) subtracts from each cell a num- 
ber of stars that correspond to the number-density of field 
stars measured within the same cell in the comparison field. 
This method is sensitive to local variations in field star 
contamination with magnitude and colours. Cell dimen- 
sions are AJ = 1.0, and A(J - H ) = A(J - K s ) = 0.2, 
which are adequate to allow sufficient star-count statis- 
tics in individual cells and preserve the morphology of 
the CMD evolutionary sequences. The dimensions of the 
colour/magnitude cells can be changed so that the total 
number of stars subtracted throughout the whole cluster 
area matches the expected one, within the la Poisson fluc- 
tuation. We provide here only a brief desc ription of the de- 
contam inati on procedure. For details s ee Bonatto fc Bical 
(|2007al) and lBica. Bonatto fc Camargo! (|2008t) . 

The decontamination algorithm provides the 
parameters N nhs , N nl , J\f 1ff , a F s, and FS unlf 
(|Bica. Bonatto fc Camargol |2008() . where N b s is the 
number of observed stars within the spatial region sampled 



Target 




N obs 


N cl 




<?FS 






(') 


(stars) 


(stars) 




(stars) 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 






Confirmed OCs 








Cz 22 


3 


177 ± 13 


93 ±3 


6.5 


11.7 


0.09 


FSR 735 


3 


175 ± 13 


84 ±3 


6.1 


3.0 


0.02 


FSR 807 


4 


150 ± 12 


93 ±3 


7.1 


4.8 


0.04 


FSR 812 


3 


92 ± 10 


56 ±2 


5.7 


2.2 


0.03 


FSR 826 


5 


423 ± 21 


98 ±33 


4.8 


8.7 


0.02 


FSR 852 


4 


359 ± 19 


122 ±4 


6.3 


10.5 


0.04 


FSR 904 


5 


196 ± 14 


104 ±4 


7.1 


6.5 


0.05 


FSR 941 


3 


99 ± 10 


58 ±2 


5.8 


3.8 


0.07 


FSR 953 


5 


387 ± 20 


92 ±4 


3.9 


24.4 


0.07 


FSR 955 


3 


141 ± 12 


57 ±2 


4.3 


6.8 


0.06 


NGC 2234 


4 


250 ± 16 


84 ±4 


5.0 


18.2 


0.08 






Uncertain cases 








FSR 815 


2 


45 ±7 


32 ±1 


4.7 


1.8 


0.06 


FSR 883 


3 


196 ± 14 


62 ±4 


4.1 


7.3 


0.05 


FSR 902 


2 


97 ± 10 


42 ± 2 


4.3 


2.9 


0.05 


FSR 921 


3 


90 ±9 


44 ±2 


4.5 


4.4 


0.08 


FSR 951 


2 


105 ± 10 


50 ±2 


4.8 


7.9 


0.13 




Possible field fluctuations 






FSR 714 


3 


126 ± 11 


34 ±3 


1.9 


16.5 


0.14 


FSR 717 


2 


35 ±6 


24 ±1 


4.0 


1.7 


0.09 


FSR 719 


2 


62 ±8 


22 ±1 


2.7 


6.9 


0.15 


FSR 721 


3 


88 ±9 


37 ±2 


3.8 


8.6 


0.15 


FSR 723 


2 


74 ±9 


33 ±1 


3.7 


2.6 


0.05 


FSR 732 


3 


90 ±9 


37 ±3 


3.7 


19.6 


0.30 


FSR 733 


3 


119 ± 11 


35 ±2 


3.0 


3.0 


0.03 


FSR 753 


3 


58 ±8 


27 ±1 


3.4 


3.4 


0.09 


FSR 775 


5 


362 ± 19 


81 ±4 


2.0 


42.6 


0.28 


FSR 778 


2 


40 ±9 


29 ±1 


3.9 


2.8 


0.13 


FSR 821 


5 


391 ± 20 


81 ±5 


3.6 


44.5 


0.12 


FSR 858 


3 


192 ± 14 


53 ±2 


1.0 


12.5 


0.07 


FSR 891 


3 


156 ± 12 


54 ±3 


3.5 


4.2 


0.03 


FSR 900 


3 


171 ± 13 


50 ±3 


3.6 


9.1 


0.07 


FSR 903 


2 


87 ±9 


35 ±2 


3.7 


2.7 


0.05 


FSR 906 


2 


87 ±9 


36 ±2 


3.7 


6.5 


0.11 


FSR 909 


2 


82 ±9 


38 ±2 


3.3 


7.1 


0.12 


FSR 924 


2 


83 ±9 


36 ±2 


3.9 


3.4 


0.06 


FSR 928 


2 


43 ±7 


10 ±1 


0.6 


1.5 


0.03 


FSR 931 


3 


154 ± 12 


50 ±3 


3.8 


9.1 


0.08 


FSR 933 


3 


130 ± 11 


35 ±3 


2.8 


6.2 


0.06 


FSR 936 


2 


74 ±9 


29 ± 2 


3.3 


2.1 


0.04 


FSR 937 


3 


154 ± 12 


46 ±3 


3.2 


5.5 


0.04 


FSR 939 


2 


82 ±9 


36 ±2 


4.0 


2.9 


0.05 


FSR 940 


3 


123 ± 11 


18 ±2 


0.9 


4.9 


0.10 


FSR 952 


2 


50 ±7 


28 ±1 


3.9 


1.9 


0.07 


FSR 960 


3 


156 ± 12 


52 ±3 


4.0 


6.5 


0.05 


FSR 962 


3 


138 ± 12 


30 ±3 


1.5 


18.4 


0.14 


FSR 975 


3 


154 ± 12 


46 ±3 


3.6 


8.0 


0.07 



Table Notes. The statistics of the full magnitude range covered 
by the respective CMD. CMDs extracted from < R(') < 

Rmax • 



in the CMD, N c i represents the number of probable mem- 
bers after decontamination, and the parameter N\ a gives 
a measure of the statistical significance of the decontami- 
nated number of stars, and corresponds to the ratio of the 
number of stars in the decontaminated CMD with respect 
to the la Poisson fluctuation measured in the observed 
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10 5 -5 -10 10 5 -5 -10 

A(ct cos(5)) A(a COS(S)) 



Fig. 3. Top panels: stellar surface-density 
a(stars arcmin -2 ) of the confirmed OC FSR 826 computed 
for a mesh size of 3' x 3', centred on the coordinates of 
this object (Tables [T] and S]). Bottom: the corresponding 
isopleth surfaces for observed (raw) photometry and 
decontaminated photometry. 

CMD. By definition, CMDs of overdensities must have 
Ni a > 1. It is expected that CMDs of star clusters have 
integrated Ni a that is significantly higher than 1. The N\ a 
values for the present sample are given in col. 5 of Table 121 
and ips corresponds to the la Poisson fluctuation around 
the mean of the star counts measured in the 8 equal area 
sectors of the comparison field. Uniform comparison fields 
present low values of ops- Ideally, star clusters should 
have N c i higher than ~ 3ctfs- Finally, FS un if measures 
the star-count uniformity in the comparison field. 

Since we usually work with comparison fields larger 
than the cluster extractions, the correction for the dif- 
ferent spatial areas between field and cluster is expected 
to result in a fractional number of probable field stars 
( n Ts ) m some cells. Before the cell- by-cell subtraction, the 
fractional numbers are rounded off to the nearest integer, 
but limited to the number of observed stars in each cell 
n sub = NI(n c j: e g l ) < "ob", where NI represents rounding 
off to the nearest integer. The global effect is quantified by 
means of the difference between the expected number of 
field stars in each cell (n^' ) and the actual number of sub- 
tracted stars (n^). Summed over all cells, this quantity 
provides an estimate of the total subtraction efficiency of 
the process, 

f sub = WOxJ2<ul/^2ri c f f (%). 

cell cell 

Ideally, the best results would be obtained for an effi- 
ciency f su b « 100%. In the present cases, the adopted grid 
settings produced subtraction efficiencies higher than 90%. 
In Figs. [31 HI and [S] we show the spatial distribution of the 



FSR 81 5 RAW FSR 81 5 - Decont 




15 10 5 -5 -10 -15 15 10 5 -5 -10 -15 

A(acos(5)) A(acos(5)) 



Fig. 4. Same as Fig. [3] for the uncertain case FSR 815. 




15 10 5 -5 -10 -15 15 10 5 -5 -10 -15 

A(a cos(S)) A(acos{5)) 



Fig. 5. Same as Fig.[3]for the possible field fluctuation case 
FSR 928. 



stellar surface density for representative cases. This figure 
shows the surface density (cr, in units of stars arcmin^ 2 ) 
for a rectangular mesh with cells of dimensions 3' x 3'. 

3.2. Fundamental parameters 

The fundamental parameters are derived by means of the 
constraints provided by the field-decontaminated CMD 
morphology, especially the combined main sequence (MS) 
and pre-main sequence (PMS) star distribution, for young 
OCs (Fig. [7]). The isochrones from the Padova group with 
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Fig. 6. 2MASS CMDs extracted from the R = 5' region of 
FSR 953. Top panels: observed CMDs J x (J - H) (left) 
and Jx (J — K s ) (right). Middle panels: equal area compar- 
ison field. Bottom panels: field-star decontaminated CMDs 
fitted with the 500 Myr Padova isochrone (solid line) for 
FSR 953. The colour- magnitude filter used to isolate clus- 
ter MS/evolved stars is shown as a shaded region 



solar metallicity (jGirardi et al.l . l2002t ) computed with the 
2MASS J, H, and K s filters are used to repre sent the MS. 
Isochrones of ISiess. Dufour Ez Forestinl (|2000t ) are used to 

characterise the PMS s equences. 

As summarised in iNavlor &: Jeffries (2006), sophisti- 
cated approaches are available for analytical CMD fitting, 
especially the MS. However, given the poorly-populated 
MSs, the 2MASS photometric uncertainties for the fainter 
stars, the important population of PMS stars, and the dif- 
ferential reddening, we directly compared isochrones with 
the decontaminated CMD morphology. The fits are made 
by eye, taking the combined MS and PMS stellar dis- 
tributions as constraints, and allowing for variations due 
to photometric uncertainties and differential reddening. 
Specifically, we start with the MS+PMS isochrone set for 
zero distance modulus and reddening, and next we apply 
magnitude and colour shifts until a satisfactory solution 
is reached. The young OCs of this sample present a sig- 
nificant fraction of stars redder than the youngest PMS 
isochrone. Most of this (J — K s ) excess towards the red 
is probably caused by differential reddening. The best fits 
are superimposed on decontaminated CMDs (Figs. |H 
and [5]) . The isochrone fit gives the observed distance mod- 



Fig. 7. 2MASS CMDs extracted from the central region of 
FSR 812, FSR 826, FSR 807, FSR904, and FSR 955. Top 
panels: observed CMDs J x [J — K s ). Middle panels: equal 
area comparison field. Bottom panels: field-star decontami- 
nated CMDs fitted with Padova isochrones (MS) stars and 
Siess PMS tracks. The colour-magnitude filters used to iso- 
late cluster MS and PMS stars are shown as shaded regions. 
We also present the reddening vector for Ay = to 5. Ha 
emitters of FSR 807 are shown as circles around the stars. 



ulus (to — M)j and reddening E{J — H), which converts 
to E(B - V) and Ay with the relations Aj / A v = 0.276, 
A H /A V = 0.176, A K JA V = 0.11 8 \ Aj = 2.76xE(J - H) 
andE (J-H) = 0.33x£(£ - V) (|Dutra. Santiago fc Bical 
I2002T ). assuming a constant total-to-selective absorption ra- 
tio Ry = 3.1. We adop t the Sun's distan ce to the Galactic 
centre R Q = 7.2 kpc ()Bica et all I2006D to compute the 
Galactocentric distance (Rqc)- The resulting E(B — V), 
age, do and Rgc are given in cols. 4 to 7 of Table |4] 

3.3. Colour-colour diagrams 

Useful information on the nature of very young OCs can 
be obtained with colour-colour diagrams. Since our very 
young OCs include PMS stars, we show in Fig. [5] the de- 
contaminated near-IR colour-colour diagram (J — K s ) x 
(H — K s ) of the membe r stars , together with tracks of 
ISiess. Dufour Sz Forestinil (|2000h . set with the reddening 
values derived above, to characterise the age. If PMS stars 
are present in the cluster, it is expected that some stars 
present near-IR excess. As expected from the CMDs of very 
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Cluster 


a(2000) 


5(2000) 


E(B - V) 


Age 




Rgc 


XGC 


VGC 


ZGC 




(hms) 


{"'") 


(mag) 


(Myr) 


(kpc) 


(kpc) 


(kpc) 


(kpc) 


(kpc) 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


Confirmed OCs 


Cz22 


05:48:57 


30:10:24 


0.64 ± 0.03 


200 ± 50 


2.6 ±0.1 


9.8 ±0.2 


-9.79 ±0.12 


±0.03 ±0.01 


-0.06 ±0.01 


FSR735 


04:53:52.9 


40:51:42 


0.51 ±0.03 


500 ± 100 


2.5 ±0.1 


9.6 ±0.1 


-9.56 ±0.10 


±0.67 ±0.03 


-0.08 ±0.01 


FSR807 


05:36:34.2 


31:51:20 


1.70 ±0.03 


5±3 


1.3 ±0.1 


8.5 ±0.1 


-8.5 ±0.06 


±0.08 ±0.01 


±0.00 ±0.01 


FSR812 


05:38:13.5 


31:44:00 


0.8 ±0.03 


10 ±5 


3.3 ±0.2 


10.5 ±0.2 


-11.3 ±0.20 


±0.19 ±0.01 


±0.01 ±0.01 


FSR826 


05:42:52.4 


28:56:29 


1.09 ±0.03 


10 ±5 


2.1 ±0.1 


9.3 ±0.1 


-9.27 ±0.01 


±0.01 ±0.01 


-0.02 ±0.01 


FSR852 


05:53:35 


25:10:52 


0.32 ±0.03 


1000 ± 200 


2.2 ±0.1 


9.4 ±0.1 


-9.43 ±0.01 


-0.16 ±0.01 


-0.02 ±0.01 


FSR904 


06:07:09.1 


19:01:08.2 


0.64 ±0.03 


20 ± 10 


2.2 ±0.1 


9.4 ±0.1 


-9.42 ± 0.1 


-0.43 ± 0.02 


-0.03 ±0.01 


FSR941 


06:21:47.3 


15:44:22.7 


0.80 ±0.03 


500 ± 150 


5.8 ±0.3 


12.9 ±0.3 


-12.8 ± 0.3 


-1.55 ±0.07 


±0.08 ±0.01 


FSR953 


t :t :t 


t :t :t 


0.48 ±0.03 


500 ± 150 


2.6 ±0.2 


9.8 ±0.2 


-9.72 ±0.12 


-0.75 ±0.04 


-0.02 ±0.01 


FSR955 


06:23:56 


14:30:26 


0.51 ±0.03 


10 ±5 


3.7 ±0.2 


10.8 ±0.2 


-10.8 ±0.20 


-1.09 ±0.05 


±0.04 ±0.01 


NGC2234 


06:29:20 


16:45:27 


1.25 ±0.03 


50 ±20 


4.8 ±0.2 


11.9 ±0.2 


-11.88 ± 0.2 


-1.29 ±0.06 


±0.24 ±0.01 


Uncertain cases 


FSR 815 


05:37:42.8 


31:18:19 
















FSR 883 


06:04:26 


21:58:54 
















FSR 902 


06:18:20 


20:30:25 
















FSR 921 


06:05:13.3 


16:40:54 
















FSR 951 


t :t :t 


t :t :t 

















Table Notes. Cols. 2 and 3: O ptimised central coordinates; (t) indicates same central coordinates as in 
iFroebrich. Scho lz & Raftcrv (2007). Col. 4: reddening in the cluster's central region. Co l . 5: a ge, from 2MASS photom- 
etry. Col. 6: distance from the Sun. Col. 7: Rgc calculated using _Rq = 7.2 kpc (Bica ct al., 200(1) as the distance of the Sun 
to the Galactic centre. Cols. 8 - 10: Galactocentric components. 



young candidates (Fig. [7]), a significant number of the stars 
appear to be very reddened. Most stars have (H — K s ) 
colours close to the isochrone, within the uncertainties. 
Besides, most of the very red PMS stars are displaced paral- 
lel to the respective reddening vectors. However, few appear 
to present an abnormal excess in (J — K s ) and (H — K s ), 
especially FSR 807, FSR 826, and FSR 955, which may 
come from PMS stars still bearing circumstellar discs. The 
cluster can be reddened by foreground, circumcluster cloud, 
and/or dust around the PMS stars. 



4. Structural parameters 

Structural parameters are derived by means of the stellar 
radial density profile (RDP), which is the projected number 
of stars per area around the centre. RDPs are built with 
stars selected after applying the respective colour magni- 
tude filter (CM filter) to the observed photometry. These 
tools isolate the most probable cluster sequences by ex- 
cludin g stars with discordant colours (e.g. lBonatto fc Bical . 
l2007aL and references therein). However, residual field stars 
with colours similar to those of the cluster are expected to 
remain inside the CM filter region. They affect the intrinsic 
stellar RDP to a degree that depends on the relative den- 
sities of field and cluster stars. The contribution of these 
residual field stars to the RDPs is statistically quantified 
by means of a comparison field. In practical terms, the use 
of the CM filters in cluster sequences enhances the contrast 
of the RDP to the background. The CM filters are shown 



in Figs. H2 [3 and [5] as the shaded region superimposed on 
the decontaminated CMDs. 

To avoid oversampling near the centre and undersam- 
pling for large radii, the RDPs are built by counting stars 
in concentric rings of increasing width with distance to the 
centre. The number and width of rings are optimised so 
that the resulting RDPs have adequate spatial resolution 
with moderate la Poisson errors. The residual background 
level of each RDP corresponds to the average number of 
CM-filtered stars measured in the comparison field. 

Usually, the RDPs of star clusters can be described by 
an analytical profile, like the empirica l, sin gle mass , mod i- 
fied isothermal spheres of iKind (|1966) and Wilson (119751), 
and t he power law with a core of lElson. Fall fc Freemanl 
(|l987l ). These functions are characterised by different sets 
of parameters that are related to the cluster structure. For 
simplicity and with the RDP error bars (Fig. fTTj) . we adopt 
the two-parameter function a(R) = ab g + (To/(l + (R/R c ) 2 ), 
where <7bg is the residual background density, do the cen- 
tral density of stars, and R CO re the core radius. Appli ed to 
star c ounts, this function is similar to that used by IKind 
(|1962D to describe the surface brightness profiles in the cen- 
tral parts of globular clusters. We also estimate the cluster 
radius (Rrdp) by measuring the distance from the clus- 
ter centre where the RDP and residual background ar e 
statistically indistinguishable (e.g. lBonatto fc Bica. 2 007al ). 
The Rrdp can be taken as an observational truncation ra- 
dius, whose value depends both on the radial distribution 
of member stars and the field density. 
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- FSR812R=3' 
3 - 10Myr-Siess 



Fig. 8. 2MASS CMDs extracted from the central region 
of FSR 735, FSR 852, NGC 2234, Cz 22, and FSR 941. 
Top panels: observed CMDs J x (J - H). Middle panels: 
equal area comparison field. Bottom panels: field star de- 
contaminated CMDs fitted Padova isochrone (solid line) for 
each OC. The colour-magnitude filter used to isolate cluster 
MS/evolved stars is shown as a shaded region. 



5. Results 

The overdensities are classified into three groups, according 
to the photometric and RDP analyses. 



5.1. Confirmed open clusters 

This group includes the objects with well-defined decon- 
taminated CMD sequences (Figs. HI [71 and H]) with rela- 
tively high values of the parameter Ni a , as well as King- like 
RDPs (Fig. fTT|) . For young OCs we also built colour-colour 
diagrams (Fig. The astrophysical parameters could be 
measured for these objects (Tables [Hand [5]). The previously 
unknown OCs are FSR 735, FSR 807, FSR 812, FSR 826, 
FSR 852, FSR 904, FSR 941, FSR 953, and FSR 955. We 
also derived parameters for the previously catalogued OCs 
Cz 22 and NGC2234. KKC1 was confirmed as an OC, but 
the parameters of this object will be analysed in a forth- 
coming paper. 

In Fig. [S]we present the J x (J — H) and J x ( J — K s ) 
CMDs extracted from a region R = 5' centred on the op- 
timised coordinates of the confirmed OC FSR 953 (top- 
panel). In the middle panels we show the comparison field 




FSR 904 R=5' 
20Myr - Siess 



^ 13 - A v =0 




FSR 826 R=5' 
10Myr - Siess 




FSR 955 R=3' 
10 Myr - Siess 




FSR 807 R=4' 
5Myr - Siess 




0.25 0.75 1.25 

(H-tg 



-0.25 0.25 0.75 -0.6 -0.1 0.4 0.9 1.4 

(H-K 8 ) (H-K s ) 



Fig. 9. Colour-colour diagrams with the decontaminated 
photometry of the young OCs in our sample, FSR 
81 2, FSR 826, FSR 807, FSR 904, and FSR 955. 



ISiess. Dufour fe Forestiml ([2000) isochrones and reddening 
vectors are used to characterise the PMS distribution. 



corresponding to a ring with the same area as the cen- 
tral region. In the bottom panels we show the decontam- 
inated CMDs with the 500 Myr Padova isochrones fit- 
ted. Figure show J x (J - K s ) CMDs for the con- 
firmed young OCs FSR 812, FSR 826, FSR 807, FSR 904, 
and FSR 955. These objects present important popula- 
ti ons of PMS stars and, therefore , we also use isochrones 
of[S less. Dufour fe Forestiml (|2000D . To examine differential 
reddening, we include reddening vectors computed with the 
2MASS ratios for visual absorptions in the range Ay = 
to 5. We present in Fig. [H] the J x (J - H) CMDs for the 
remaining confirmed OCs FSR 735, FSR 852, NGC2234, 
Cz 22 and FSR 941. In Fig. El we present the RDPs of 
these objects, and in Table [5] we show the derived struc- 
tural parameters. We show in Table [5] integrated colours 
and magnitudes for confirmed OCs. 

Both FSR 904 and FSR 941 present a conspicuous 
excess over the King-like profile in the innermost RDP 
bin. This cusp h as been detected in post-c o re co llapse 
globular clusters (jTraeer. King fe Diorgovskl . 19951) and 
some Gyr-old PCs such as NGC3 9 60 dBonatto fe Bical 
I2OO60 and LK 10 ([Bonatto fe Bical |2009a|). It has been 
attributed to advanced dynamical evolution. With ~ 
500 Myr of age, FSR 941 is probably a core-collapsed 
OC. However, some very young OCs also present a 
cusp, probably as a consequence of molecular cloud 
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15 



FSR 924 R.2' 
(FF) 



FSR 921 R.3' 
(unc) 



FSR 717 R=2' 
- (FF) 



FSR 719 R.2' 
- (FF) 



FSR815R=3' FSR 775 R.3' 
(unc) " (FF) 



FSR 858 R.2' 
- (FF) 



FSR 883 R=3' 
(unc) 



B 

• 



FSR 902 R=4' FSR g28 R,2' FSR 732 R.3' 



(unc) 



FF) 



IFF) 



FSR 951 R=3' 
(unc) 



FSR 753 R.3' 
(FF) 



FSR 891 R.2' 
(FF) 



FSR 940 R.2' 
(FF) 



0.5 1 105 0.5 1 105 0.5 1 105 0.5 1 105 0.5 1 1.5 

(J-H) (J-H) (J-H) (J-H) (J-H) 

Fig. 10. Field-star decontaminated J x (J — H) CMDs of 
a representative sample of the uncertain cases (unc) and 
possible field fluctuations (FF). 




1 10 
R (arcmin) 



1 10 0.1 1 10 
R (arcmin) R (arcmin) 



Fig. 11. Stellar RDPs (filled circles) built with colour- 
magnitude filtered photometry. Solid line: best-fit King pro- 
file. Horizontal shaded region: stellar background level mea- 
sured in the comparison field. Grey regions: la King fit 
uncertainty. 



(|!999h . We indicate the 2 Ha emitters in FSR 807 CMD 
Fig.m 



fragmentation and/or star formation effects. In this 
contex t, we can mention NGC2244 (|Bonatto fc Bica. 
I2009H) . NGC6823 dBica. Bonatto fc Dutral . 12008ft. Pismis 
5 and NGC1931 dBonatto fc Bical . l2009cK and FSR 198 
(jCamargo. Bonatto fc Bical 12009ft as examples of young 
OCs with a central cusp. FSR 904 presents a similar ef- 
fect^ 

IWitham et all (|20Qg 



presented the INT/WFC 
Photometric Ha Survey of the Northern Galactic Plane 
(IPHAS). This catalogue contains positions a nd photome- 
try fo r 4853 sources with Ha excess (see also, iDrew et all 
2005). The Ha emission is linked to several events in star 
clusters as stellar winds, T Tauri stars, Herbig-Haro ob- 
jects, planetary nebulae and HII region associations. FSR 
807 presents 2 .ffa-excess sources within the cluster radius 
and 3 in the neighbourhood field (J053635.21 + 31503.0 
at 1.3' of the cluster centre, J053631.98 + 314939.6 at 
1.7', J053641.46 + 314627.8 at 5.1', J053619.82 + 314356.2 
at 8.0', and J053619.58 + 314353.6 at 8.06') and FSR 
812 presents 1 object (J053817.88 + 313934.8) at 4.5' 
of the cluster centre. All objects are also present in the 
emission-line star catalogue of iKohoutek fc Wehmeverl 



5.2. Uncertain cases 

The objects in this group have, in general, less defined de- 
contaminated CMD sequences than those of the confirmed 
OCs, which is consistent with the lower level of the inte- 
grated Niu parameter. The irregular RDPs make difficult 
King's law fits. By "uncertain cluster" , we mean those ob- 
jects with a CMD that may suggest a cluster, but not the 
RDP (or the contrary). We suggest that deeper photom- 
etry, proper motions and other methods be employed to 
explore them in more detail. The uncertain cases are FSR 
815, FSR 883, FSR 902, FSR 921, and FSR 951. In Fig. 
[TO] we show the decontaminated J x ( J — H) CMDs of a 
representative sample of the uncertain cases, and in Fig. 1121 
their RDPs. 



5.3. Possible field fluctuations 

Decontaminated CMDs of this group have TVi^-values sig- 
nificantly lower, and the RDPs much more irregular, than 
those of the other two groups (Sect. I3.1|) . In FigfTO] we 
present the decontaminated J x ( J — H ) CMDs of a repre- 
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Cluster 


(1') 






ficove 


Rrd p 




Q bg 




Rrd p 




AR 


CC 




(pc) 


(*pc~ 2 ) 


(*pcr 2 ) 


(pc) 


(pc) 


(*'~ 2 ) 




(') 


(') 




(') 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(?) 


(8) 


(9) 


(10) 




( n ) 


(12) 


Cz 22 


0.74 


20.8 ±4.7 


3.5 ±0.1 


0.53 ± 0.07 


4.1 ± 1.1 


11.42 ±2.6 


1.93 ±0.04 


0.72 ±0.1 


5.5 ± 1.5 


10 


- 20 


0.95 


FSR735 


0.71 


19.2 ± 3.2 


2.0 ±0.06 


0.53 ± 0.06 


6.1 ± 0.7 


9.79 ± 1.64 


0.98 ±0.03 


0.75 ±0.09 


8.5 ± 1.0 


10 


- 30 


0.95 


FSR807 


0.37 


68.2 ± 10.8 


15.5 ±0.3 


0.15 ± 0.01 


1.48 ± 0.4 


9.41 ± 1.5 


2.14 ±0.04 


0.41 ± 0.04 


4.0 ± 0.5 


20 


- 40 


0.97 


FSR812 


0.96 


9.9 ± 3.9 


5.2 ±0.1 


0.7 ±0.08 


3.8 ± 1.0 


9.14 ±3.6 


4.74 ±0.07 


0.72 ± 0.2 


4.0 ± 1.0 


10 


- 20 


0.91 






oo.o zn o.u 


1 9 Q 4- fl 19 


u.oj zn u.uu 


o.u ziz u.y 


± _ . o zn o . u 


o zn u . 


u.jy ziz u. J- 


U.U ZIZ _L.<J 


90 


— 4.0 
*±u 


qfi 


FSR852 


0.64 


42.5 ± 18.7 


11.4 ±0.09 


0.6 ±0.2 


6.4 ±0.6 


17.42 ± 7.69 


4.68 ±0.04 


1.01 ± 0.27 


10.0 ± 1.0 


20 


-30 


0.90 


FSR904 


0.65 


6.8 ± 1.0 


5.2 ±0.05 


1.71 ±0.27 


11.0 ± 2.0 


2.88 ±0.43 


2.19 ±0.02 


2.63 ±0.41 


17.0 ±3.0 


20 


-40 


0.95 


FSR941 


1.68 


1.9 ± 1.15 


0.6 ±0.02 


1.44 ± 0.70 


16.0 ±3.4 


5.50 ± 3.25 


1.584 ± 0.01 


0.86 ±0.42 


9.5 ±3.0 


20 


-40 


0.80 


FSR953 


0.75 


9.75 ±5.7 


2.03 ± 0.03 


0.77 ±0.3 


8.3 ± 1.1 


5.51 ± 3.21 


1.15 ± 0.02 


1.03 ±0.42 


11.0 ± 1.5 


20 


- 30 


0.85 


FSR955 


1.08 


18.0 ±3.3 


3.6 ± 0.05 


0.39 ±0.05 


3.2 ± 1.1 


21.0 ±3.87 


4.28 ± 0.06 


0.35 ±0.05 


3.0 ± 1.0 


10 


- 30 


0.97 


NGC2234 


1.40 


4.0 ± 1.8 


0.9 ±0.01 


0.78 ±0.2 


5.6 ± 1.4 


7.94 ± 3.5 


1.73 ±0.03 


0.56 ±0.17 


4.0 ± 1.0 


20 


- 30 


0.91 



Table Notes. Col. 2: arcmin to parsec scale. To minimise degrees ol freedom in RDP fits with the King- like profile (see text), 
a^ g was kept fixed (measured in the respective comparison fields) while crn and R CO re were allowed to vary. Col. 11: comparison 
field ring. Col. 12: correlation coefficient. 
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Fig. 12. RDPs of a representative sample of uncertain cases 
and probable field fluctuations. 



sentative sample of the possible field fluctuations and Fig. 
IT121 shows RDPs for some these overdensities. 



6. Mass estimate 

Given the somewhat limited 2MASS photometric depth and 
the relatively large distance (TablejSJ) of our confirmed OCs, 
the CMDs in Figs.[B]-[E]do not contain the whole mass range 
expected especially for OCs older than ~ 50Myr. Thus, we 
estimate the stellar mass by means of the mass function 
(MF), buil t for t he observed MS mass range according to 
iBica et al.l (|2006l ). The MS MF is then fitted with the func- 
tion 4>(m) cx 77i~' 1+x '. Details of this approach are given 
in Table [71 where we also show the number and mass of 
the evolved stars. Clearly, we do not have access to the 
lower MS. Thus, assuming that the low-mass content is still 
present, we use Kroupa's (2001) MfQto estimate the total 
stellar mass, down to the H-burning mass limit (0.08 Mq). 
The results are given in the last two columns of Table [7J 
Interestingly, the extrapolation suggests that FSR 941 may 
be a relatively massive OC. 

For the young OCs we built the MS MF in a similar way 
to the old ones, and count the number of PMS stars (Table 
lU). Interestingly, the MF slopes are, in general, natter than 
those of the older OCs (Table [JJ , which may reflect the 
longer timescale for the evolution towards the MS of the 
low-mass PMS stars. Given the differential reddening, it is 
not possible to attribute a precise mass value for each PMS 
star. Thus, we simply count the number of PMS stars and 
adopt an average mass value for the PMS stars to estimate 
npMS and mpMS- Assuming that the mass distribution of 
the PMS stars also follows Kroupa's (2001) MF, the average 
PMS mass - for masses within the range 0.08 Si m(M Q ) Si 7 
- is < mpMS >~ 0.6Mq. Thus, we simply multiply the 
number of PMS stars (Table 8) by this value to estimate the 
PMS mass. Finally, we add the latter value to the MS mass 
to obtain an estimate of the total stellar mass. Obviously, 



4 x = 0.3 ± 0.5 for 0.08 < m(M Q ) < 0.5, x = 1-3 ± 0.3 for 
0.5 < m(M Q ) < 1.0, and x = 1-3 ± 0.7 for 1.0 < m(M@). 
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similarly to the MS stars, 2MASS cannot detect the very 
low mass PMS stars. Consequently, these values should be 
taken as lower limits. 



7. Discussion 

After cluster formation, structural parameters change with 
stellar and dynamical evolution. As a consequence of the 
rapid expulsion of primordial gas and the new lower gravi- 
tational potential, t he cluster increases on all s cales reach- 
ing for virialisation. iGoodwin fe Bastianl (|2006T ) show that 
this early core radii expansion phase occurs within 10 - 30 
Myr and can be explained as an effect of rapid residual gas 
expulsion. After gas expulsion (a few 10 yr), when some 
energy equipartition is reached, the core radius of the OC 
survivors shrink, whereas the outer parts keep increasing 
in size. Mass loss due to stellar evolution also affects the 
structural, parameters but this effect is negligible because 
the most massive stars ( M* > 30Mp) hardly co ntribute 



to the mass of the cluster (lLamers fc Gielesl . l2006h . In this 
context. IPorteeies Zwart et al.l ( 19991 ) show that the max- 
imum effect of stellar evo lution on core radius exp ansion 
is about a factor two, but iMackev fc Gilmorel (|2008r i show 
that this effect is more significant if the star cluster is ini- 
tially mass segregated. They also show that significant core 
expansion due to stellar evolution occurs on timescales of 
- 100 Myr. 

As a consequence of large-scale mass segregation, mas- 
sive stars tend to be more concentrated in the core of 
evolved cluste rs, while low-mass stars are transferred to the 
outer regions (jBonatto fc Bical I2005D . As a consequence of 
mass segregation, Rrdp tends to increase, while R cor e de- 
creases. 

In Fig.[T3]we compare the structural parameters derived 
for the present OCs with those measured in different envi- 
ronments. As a reference sample, we use (i) some bright 
nearby OCs (Bonatto & Bica. 20051). including the two 
young OCs NG C 6611 JBonatto. Santos Jr. fc BicaL 120061) 
and NGC 4755 (|Bonatto et all I2006D ; (i i) OCs projected 
agains t the central parts of the Galaxy (|Bonatto fc Bical . 
l2007bfk (Hi) OCs projected close to the Galactic plane 



( Camargo. Bonatto Sz BicaL 120091 ): and (iv) the present 
sample. 

In panel (a) of Fig.[T31 core and cluster radii of the OCs 
in sample (i) are almost linearly related by Rrdp = (8.9 ± 

0.3) x iZcor? , which suggests that both kinds of radii un- 
dergo a similar scaling, in the sense that, on average, larger 
clusters tend to have larger cores. However, i of the OCs in 
sample (ii) do not follow that relation, which suggests that 
they are either intrinsically small or have been suffering 
important evaporation effects. The core and cluster radii in 
sample (Hi) and the OCs of this work (iv) are consistent 
with the relation at the la level. A dependence of OC size 
on Galactocentric distance is sh own in panel (b), a s prev i- 
ously suggested bv lLvneal (jl982ft and lTadross et all (|2002h . 
The core and cluster radii of the OCs in this work (iv) 
are consistent with the one in samples (ii) and (Hi). Most 
OCs of our sample are located in the inner disk and close 
to the spiral arms, so they are consistent with sample (Hi) 
and with those located in crowded fields (ii). To explain 
the incre ase of Globular Cluster radii with Galac tocentric 
distance, Ivan den Bergh. Morbev fc Pazderl (|1991l ) suggest 
that part of the relation may be primordial, the higher 



molecular gas density in central Galactic regions may have 
created clusters with small radii. In addition, most clus- 
ters with small sizes are concentred near the Galactic 
plane, especial l y for Rgc < 9.5 kpc an d zqc < 100 pc 
(Tad ross et al. I. l20Ti2i: [Wiele^l . fl^7ll Tl975h . FSR 807, which 
appears exceedingly small for its Galactocentric distance, 
possibly presents this primordial effect, with zqc — 0.0 lo- 
cated close to Orion-Cygnus arm. In panels (c) and (d) 
we compare core and cluster radii with cluster age, re- 
spectively. This relationship is intimately related to clus- 
ter survival/dissociation rates. Both kinds of radii present 
a similar dependence on age, in which part of the clus- 
ters expand with time, while some se em to shrink. The 
bifurc ation occurs at an age « 1 Gyr. Ma ckev fc Gilmorel 
( 2003() observed a si milar effect for the core ra dii of LMC 
and SMC clusters and lMackev fc Gilmorel (|2008l ) argue that 
this radius-age correlation has a dynamical origin. They 
attribute the trend to slow contraction in R CO re to a dy- 
namical relaxation and/or core collapse. The expansion was 
attributed to mass loss from rapid stellar evolution in a 
cluster that is mass-segregated or otherwise centrally con- 
centrated and to heating due to a significant population 
of retained stellar mass black holes that are scattered into 
the cluster halo or e jected from the cluster (|Mackev et all 
120071 : iMerritt et ail \2004) . We also note that the radii of 
the clusters of our sa mple are r elated to the age similarly 
to the (leaky) ones oflPfalznerl (I2009D and optical clusters 
of iMacieiewski fc Niedzielskil (|200'7f l 

Most of the confirmed OCs of our sample are smaller 
than nearby OCs (i) of similar age and Galactocentric dis- 
tance fFig fTBl . We point out that our sample occurs close 
to the Galactic plane and/or close to spiral arms (except 
NGC2234). Possibly, some of these OCs have interacted 
with GMCs. Molecular clouds more massiv e than ~ 10 6 Mp) 
are f ound in the solar neighbourhood (jSolomon et all 
[l987h . In Fig. [H we show the relation between age and 
both R core and \Zqc\ for the young OCs of our sample. We 
fit an empirical curve R c (pc) — 0.27 x In (age[Myr]) — 0.25 
to young OCs close to the Galactic plane and/or close 
to spiral arms. Bast ian et all (|2008f ) observed a similar 



relation for M51 clusters and fitted the empirical curve 
Rc(pc) — 0.6 x In (age[Myr\) — 0.25 that represents initially 
compact and mass-segregated star cluster s (R r nr e. ~ 0.25 



pc). In this context, N-body simulations bv lVesperini et aU 
(2009) show that in segregated clusters, early mass loss due 
to stellar evolution triggers a stronger expansion than for 
unsegregated clusters and that long-lived clusters initially 
with a high degree of mass segregation tend to have looser 
structure and reach core collapse later in their evolution 

than initially unse gregated clusters. 

As discussed in lBonatto fc B ica (2009cT), when the pro- 
jected mass de nsity of a star cluste r follows a King- 
like profile (e.g. iBonatto fc Bical I^O Sal the cluster mass 
(M c ius) can be expressed as a function of the core ra- 
dius and the central surface mass density (a mo) accord- 
ing to M c ius ps 13.8ctmoRc- Figure IT4l (top-right panel) 
shows the distribution of our OCs in the plane core ra- 
dius (Sect. 0|) vs cluster mass (Sect. Clearly, our OCs 
(together with the reference sample) distribute parallel to 
the above relation, since they are constrained within King- 
like distributions with 15 ^ ctmo (M pc -2 ) Ss 600. (These 
bounds take the uncertainties into account.) This suggests 
a correlation between cluster mass and core radius, some- 
what consistent with the mass-radius relation suggested 
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Table 6. Integrated colours and magnitudes. 



Magnitude Colour Half-light & Starcount Radii 





Apparent 


Absolute 






Reddeninj 


; Corrected 




Rhl 


(PC) 




RuiC) 


-Rsc(pc) 


Rsc(') 


Cluster 


J 


H 


K s 


J 


H 


K 3 




(J-H) 


(J - Ks) 


J 


H 


K s 


J 


H 


K s 






(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 




(8) 


(9) 


(10) 


(11) 


(12) 


(13) 


(14) 


(15) 


(16) 


(17) 


Cz22 


7.5 


6.9 


6.7 


-5.1 


-5.5 


-5.6 





.46 ±0.29 


0.56 ±0.19 


0.8 


0.8 


0.8 


1.1 


1.1 


1.0 


1.6 ±0.2 


2.2 ±0.3 


FSR 735 


8.0 


7.4 


7.3 


-5.3 


-5.4 


-5.3 





.17 ±0.03 


0.01 ±0.03 


2.4 


2.4 


2.4 


3.4 


3.4 


3.4 


1.1 ± 0.2 


1.5 ±0.3 


FSR807 


8 7 

O. 1 


o . J 




1 1 


O. -L 


-3.1 





.34 ± 0.04 


0.50 ±0.03 


0.7 


0.7 


0.7 


1.4 


1.4 


1.4 


0.4 ±0.2 


0.8 ±0.5 


FSR 81 9 

-L Oil O J-Zi 


9.1 


8.8 


8.7 


-4.2 


-4.2 


-4.2 


o 


02 + 09 


00 + 02 


1.3 


1.3 


1.3 


1.4 


1.4 


1.4 


1.3 ± 0.7 


1.4 ± 0.7 


FSR 826 


9.5 


9.0 


8.8 


-3.0 


-3.1 


-3.2 





.15 ±0.02 


0.21 ±0.02 


1.6 


1.6 


1.6 


2.7 


2.7 


2.7 


1.4 ±0.5 


2.4 ±0.9 


FSR 852 


8.1 


7.6 


7.4 


-3.9 


-4.3 


-4.5 





.43 ± 0.04 


0.61 ±0.04 


5.0 


5.0 


5.0 


7.8 


7.8 


7.8 


2.8 ±0.8 


4.4 ± 1.2 


FSR 904 


7.8 


7.7 


7.4 


-4.5 


-4.4 


-4.6 





.01 ±0.02 


0.12 ±0.02 


2.4 


2.4 


2.4 


3.7 


3.7 


3.7 


5.6 ±0.6 


8.6 ±0.9 


FSR 941 


10.5 


10.2 


10.0 


-4.0 


-4.1 - 


-4.2 





.05 ±0.13 


0.13 ±0.10 


1.3 


1.2 


1.2 


0.8 


0.7 


0.7 


9.7 ±0.8 


5.8 ±0.5 


FSR 953 


8.6 


8.2 


8.1 


-3.9 


-4.1 


-4.1 





.35 ±0.03 


0.46 ± 0.03 


2.3 


2.3 


2.3 


3.0 


3.0 


3.0 


4.0 ± 1.3 


5.2 ± 1.8 


FSR 955 


12.0 


11.8 


10.8 


-1.3 


-1.3 


-2.2 





.03 ± 0.24 


0.89 ±0.17 


0.8 


0.8 


1.4 


0.8 


0.7 


1.3 


0.7 ±0.4 


0.6 ±0.4 


NGC 2234 


7.2 


6.7 


6.5 


-5.3 


-5.6 


-5.7 





.36 ±0.11 


0.44 ±0.28 


1.6 


1.6 


1.6 


2.1 


2.1 


2.1 


1.9 ± 0.1 


2.5 ±0.1 



Table Notes. Col. 2-4: apparent magnitude. Cols. 5-7: absolute magnitude. Cols. 8-9: Reddening-corrected (J — H) and (J — K 3 ) 
colours. Cols. 10-15: half-light radii in pc and arcmin. Cols. 16-17: star-count radii in pc and arcmin. 



Table 7. Stellar mass estimate for clusters older than 50 Myr 



Observed in CMD Extrapolated 



Cluster ArriMS X N M s M M s N evot M evol N M 

(Mq) (stars) (Mq) (stars) (Mq) (stars) (Mq) 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 



FSR 735 


0.55-2.90 


1.21 


± 


0.11 


111 ± 14 


164 


± 


20 


5 


± 


1 


15 ±3 


1200 =t 


889 


467 ± 166 


FSR 852 


0.65-2.10 


2.59 


± 


0.46 


132 ± 19 


152 


± 


22 


4 


± 


6 


8 ±12 


2710 ± 


2190 


836 ± 409 


FSR 953 


0.85-2.50 


2.41 


± 


0.29 


108 ± 14 


178 


± 


21 


8 


± 


3 


16 ±6 


5020 ± 


3850 


1670 ± 719 


Cz22 


1.30-3.90 


0.87 


± 


0.20 


60 ± 10 


135 


± 


21 


5 


± 


3 


15 ± 11 


1790 ± 


1290 


777 ± 239 


FSR 941 


1.70-2.90 


0.67 


± 


0.12 


147 ± 13 


350 


± 


31 


40 


± 


15 


106 ± 39 


13800 ± 


10200 


5480 ± 1910 


NGC 2234 


0.95-6.75 


0.97 


± 


0.10 


139 ±8 


431 


± 


28 


4 


± 


2 


32 ± 18 


2640 ± 


1860 


1360 ± 344 



Table Notes. Col. 2: MS mass range. Col. 3: MS mass function slope x> derived from the fit of cj>(m) oc m ' 1+x \ Cols. 4-7: stellar 
content of the MS and evolved stars. Cols. 8-9: stellar content extrapolated to 0.08 Mq. 



Table 8. Stellar mass estimate for the clusters with PMS 



MS PMS MS + PMS 



Cluster 


A rriMS 


X 


N 


M 


N 


M 


N 


M 




(Mq) 




(stars) 


(Mq) 


(stars) 


(Mq) 


(stars) 


(Mq) 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


FSR 807 


1.90-5.25 


-1.08 ±0.10 


8±3 


25 ± 10 


21 ±6 


45 ± 14 


29 ±9 


70 ±24 


FSR812 


6.75-13.0 


-0.34 ±0.15 


9±3 


83 ±30 


33 ± 12 


135 ± 35 


42 ± 15 


218 ± 65 


FSR 826 


1.30-9.75 


1.07 ±0.12 


46 ±9 


178 ± 31 


69 ±9 


172 ± 43 


115 ± 18 


350 ± 74 


FSR 904 


1.50-11.0 


0.26 ±0.16 


61 ±8 


188 ± 42 


443 ± 31 


706 ± 61 


504 ± 39 


894 ± 103 


FSR 955 


0.85-13.0 


0.22 ± 0.09 


4± 2 


20 ±7 


26 ±7 


109 ± 35 


30 ±9 


129 ± 42 



Table Notes. Col. 2: MS mass range. Col. 3: MS mass function slope \i derived from the fit of <j>(m) oc m ( 1+x > . Cols. 4-7: stellar 
content of the MS and PMS stars. Cols. 8-9: total (MS±PMS) stellar content. 



by iPorteeies Zwart. McMillan fc Gieled (|2010l) for massive 
clusters younger than 100 Myr. 

Finally, with the cluster radius and mass estimates, 
we computed the cluster mass density p(M pc~ 3 ) = 
J^Mdus RpQp. We show the results in the plane Rrdpvs. p 
(Fig. [TH bottom-right panel). Despite the error bars, the 

density decreases with cluster radius as p oc -Rfjj)p 2± ° ' 36 \ 



similarly to th e sample of embedded clusters studied by 
iPfalznerl (|2009t ). That work, notes that the dependence on 
radius of the embedded clusters is significantly shallower 
than those observed in young clusters more massive than 
10 3 M Q , p oc i?~ 3 and R~ 4 . As a caveat, we note that the 
mass density of the OCs in IPfalznerl (2009) is more than 10 
times higher than those of our OCs. 
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10° 10' 10* 10 3 10* 10° 10' 10* 10 a 10* 



Age (Myr) Age (Myr) 

Fig. 13. Relations involving structural parameters of OCs. 
Empty circles: nearby OCs, including two young ones. 
Triangles: OCs projected on dense fields towards the 
Galactic central regions. Square: OCs close to the Galactic 
plane. Filled circles: the present work OCs. 

Figure [15] shows th e spatial distribution in the Galactic 
plane and spiral arms dMoman v et all l2006f) of the present 
OCs, compared to that of the OCs in the WEBDA 
database. We considered two age ranges, < 1 Gyr and 
> 1 Gyr, and computed the projections on the Galactic 
plane of the Galactic coordinates (I, b). Old OCs are mainly 
found outside the Solar circle, and the inner Galaxy con- 
tains few OCs so far detected. The interesting point is 
whether inner Galaxy clusters cannot be observed because 
of strong absorption and crowding, or have been system- 
atically dissolved by th e different tidal effects combined 
(jBonatto fc Bical . l2007al and references therein). In this 
context, the more OCs are identified (with their astrophys- 
ical parameters derived) in the central parts, the more con- 
straints can be established to settle this issue. 

8. Concluding remarks 

We investigate the nature of 50 overdensities projected 
nearly towards the anti-centre, in the sector 160° < 
I < 200°, with |b| < 20° t hat were classified by 
iFroebrich. Scholz fc Raftervl (|2007l) as probable OCs and 
labelled with quality flags 2 and 3. The candidates are 
analysed by means of 2MASS colour-magnitude diagrams, 
stellar radial density profiles, and colour-colour diagrams 
for young objects. Field-star decontamination is applied to 




Age(Myr) R RDP (pc) 



Fig. 14. Top-left panel: age and R rn re. relation s . The 
dashed line is the logarithmic fit of iBastian et al.l {2008) 
{Rcore(pc) = 0.6 x ln(age[Myr}) - 0.25) for M51 clus- 
ters. The solid line is our fit for Galactic clusters. Bottom- 
left panel: \zgc\ for clusters of the top panel. Top right: 
core radius and cluster mass follow the relation M c i us = 
13.8ctmo-Rcj with varying values of ctmo; reference sam- 
ple OCs are shown as grey circles. Filled circles show the 
OCs younger than 50 Myr, while the older ones are shown 
as open circles. Bottom right: cluster density vs. radius. 
Arrows indicate lower limits to the cluster mass and den- 
sity. 



uncover the cluster's intrinsic CMD morphology, and CM 
filters are used to disentangle probable cluster members. 

Out of the 50 overdensities, 16 (32%) are confirmed as 
OCs. Nine (18%) are new OCs (FSR 735, FSR 807, FSR 
812, FSR 826, FSR 852, FSR 904, FSR 941, FSR 953, and 
FSR 955) and we derived astrophysical parameters. They 
are OCs or embedded clusters with age in the range 5 Myr 
to 1 Gyr, at distances from the Sun 1.28 < do < 5.78 
and Galactocentric distances 8.5 < Rqc < 12-9. Other 7 
(14%) overdensities are previously catalogued OCs or em- 
bedded clusters (KKC1, FSR 795, Cz 22, FSR 828, FSR 
856, Czernik 24, and NGC 2234). We also derived parame- 
ters for Cz 22 and NGC2234. Five are classified as uncertain 
cases and require deeper photometry to establish their na- 
ture. The remaining FSR overdensities appear to be field 
fluctuations. 

Most of the new OCs are located close to spiral arms 
and/or close to the Galactic plane and, probably because of 
this, the core radius appears to be smaller than the others 
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Sagittarius-Carina 



-16 



-12 



-4 
. (kpc) 



Fig. 15. Spatial distribution of the present star clusters 
(filled circles) compared to the WEBDA OCs with ages 
younger than 1 Gyr (brown circles) and older than 1 Gyr 
(crosses). The schematic projection of the Galaxy is seen 
from the north pole, with 7.2 kpc as the Sun's distance to 
the Galactic centre. 

at comparable Galactocentric distance and age. Also for 
this reason, most of them were undetected in the past. 
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